We find three non-planar graphs which are flow-equivalent to planar graphs. It is also shown that some non-planar graphs are not flow-equivalent to any planar graph.
Introduction
Much information about the flow polynomial can be found in [4] , [5] and [6] . Given a graph G(V, E) with vertex set V and edge set E, where multiple edges are allowed, let (D, f ) be an ordered pair where D is an orientation of E(G) and f : E(G) → Z be an integer-valued function called a flow. An oriented edge of G is called an arc. For a vertex v ∈ V (G), let E + (v) ={all arcs of D(G) with their tails at v} and E − (v) ={all arcs of D(G) with their heads at v}. Definition 1.1 A λ-flow of a graph G is a flow f such that |f (e)| < λ for every edge e ∈ E(G) and for every vertex v ∈ V (G)
f (e) (mod λ).
where κ(G) denotes the number of components. In [6] , Tutte defines the flow polynomial, F (G, λ), of a graph G as a graph function and as a polynomial in an indeterminate λ with integer coefficients by
where (G : S) denotes the spanning subgraph of G with edge-set S. F (G, λ) is a polynomial in λ which gives the number of nowhere-zero λ-flows in G independent of the chosen orientation. Let P (G, λ) denote the chromatic polynomial. Multigraphs with the same underlying simple graph were given the name amallamorphs by Read and Whitehead in [4] . Two graphs G and H are said to be flow equivalent if F (G, λ) = F (H, λ).
Figure 1: Amallamorphic graphs
By a result of Jaeger [1] , if H is planar, then
, where H * is the planar dual of H. In this paper for some given non-planar graph G, we find a planar graph H such that
We first study some amallamorphs of the graph K 3,3 . Suppose that there exists a planar graph
is not a chromatic polynomial and hence there is no planar graph which is flow-equivalent to K 3,3 . Next we consider the unique K 3,3 amallamorph of order 10, denoted by K A 3,3 . Figure 2 shows the non-planar graph K Figure 2 shows the non-planar graph K We now study some amallamorphs of the graph K 5 . Suppose that there exists a planar graph
is not a chromatic polynomial and hence there is no planar graph which is flow-equivalent to K 5 . Similarly, consider the unique K 5 amallamorph of order 11, denoted by K A 5 and depicted in Figure 3 , and assume that there exists a planar graph H 2 such that
is not a chromatic polynomial and hence there is no planar graph which is flow-equivalent to K Below we give the flow polynomial of these K 5 -amallamorphs:
We hope to find planar graphs which are flow equivalent to K 
